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(57) Abstract 

Method for forming the virtual topology (21-45) of an 
ATM-layer where the ATM-layer is carried over an optical 
network (1) where inputs such as the physical topology 
(2-8, 11-16) and constraints of physical nature are given, 
thereafter forming node-pairs with end-to-end connections 
according to some known optimal routing algorithm, and 
finally applying a non-deterministic mathematical approach 
to obtain an optimal virtual topology with the objective of 
minimising the need for necessary electrical processing (50, 
60, 70, 80) in the nodes (11-16) of the network (1). 



a JL 

11 12 13 





FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cfite d" I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/09407 



1 



PCT/SE97/01354 



METHOD FDR OPTIMISING A MOSTLY OPTICAL NETWORK 
Technical Field of the Invention 

The invention relates to a method for solving optimisation 
problems occuring during the design of a mostly optical ATM 
network . 

Description of Related Art 

The technique of finding new solutions for designing networks 
based on Asynchronous Transfer Mode (ATM) or on All Optical 
Networks (AON) is a rapidly growing area of research in 
telecommunication and computer business . Both ATM and AON have 
own methodologies^ for " simplifying network management and 
switching. Whereas ATM networks apply the VP (Virtual Path) 
concept, i.e many connections which have a common path in a part 
of the network are handled (managed, switched) together, the 
AONs assign the wavelengths to connections in such a way that 
connections of the same wavelength are handled together without 
any electrical processing during the transmission. Optical 
networks employ Wavelength Division Multiplexing (WDM) and 
specially designed algorithms allow a high aggregate system 
capacity due to spatial reuse of wavelengths. 

A known idea, (Mukherjee, Ramamurthy and Banerjee, "Some 
principles for designing a wide-area optical network" IEEE 1994, 
pp. 110-119) , is to combine the technology of AONs with ATM 
technique. By using optical amplifiers and switches in a mostly 
optical ATM network, the number of opto-electrical conversions 
can be reduced signif icantely , which leads to better signal 
quality and lower delays, but from the point of view of ATM 
there is a problem: the VPI/VCI modification in the cell header 
becomes impossible. The Wavelength Division Multiplexing (WDM) 
technique offers a good utilization of the fibre but the 
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transmission capacity is divided into equal parts (channels) 
defined by the wavelengths used. Because of this partitioned 
capacity the statistical multiplexing (SM) , which is another 
benefit of the ATM, has limits. SM can shortly be described as 
the gain accomplished when dynamically multiplexing together 
channels with bursty traffic into one channel, thereby 
eliminating those empty timeslots which may occur in .the 
channels, due to the burstiness. The larger the . capacity, the 
lower the effective bandwith, therefore the resource usage is 
more e f f i cient . 

Combining the technology of AONs with ATM technique entails a 
loss of performance due to the loss of SM. The total effect 
though, is a gain due to the enhanced performance coming from 
the simplified VP management. 

A use of this combined technique implies both advantages and 
drawbacks . The drawbacks are that the switching must be done on 
three different levels (instead of two), namely: 1. Pure optical 
switching for VPLs; 2. VP switching (Cross connects) where the 
switching is done on the basis of VPIs (VPIs are changed); 3. VC 
switching. The. design procedure is computationally hard as the 
complexity is about the number of available wavelengths to the 
power of the number of nodes in the network. The main advantage 
though, is that many . opto-electrical conversions can be avoided 
so that less CCs are required, thereby enhancing the 
performance. 

There is a problem in how to make the architecture of systems 
like this optimal, i.e when designing backbone networks for 
example, one must assume full logical connectivity between the 
nodes in the network and try to find optimisation algorithms for 
best using the limited number of wavelengths to accomplish -a 
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high aggregate system capacity due to spatial reuse of 
wavelengths . 

The architecture used in the IEEE-paper is a combination of 
well-known "singlehop" and "multihop" approaches as employed in 
many other WDM networks /proposals . The paper deals with 
optimising the cost, efficiency and throughput of the routing 
node by theorethical analysis. The optimisation is here split 
into two steps with the objective of minimising the average 
message delay caused by transfer: 1. They find and map a virtual 
topology into the given physical; and 2. Assign the wavelengths 
to links of the virtual topology. This technique brings about 
that the VP design is already performed in step one, meaning 
that the optimality criteria could be deteriorated and '-the 
delays could increase since if there are more end- to- end streams 
on a physical link than the allowed number of wavelengths, the 
paper proposes a rerouting of one of these streams. Hence, the 
average delay is increased as the wavelength assignment and the 
virtual topology forming are divided. 

Summary 

Combining ATM networks with an All Optical Network (AON) is a 
rather new technique with drawbacks and advantages. Here we try 
to design the virtual topology of an optimal ATM network on top 
of a AON. The optimality criterion refers here to making the ATM 
network "as optical" as possible, meaning that we want as long 
lightpaths as possible in the network without having to change 
the wavelength, i.e the total number of necessary wavelength 
changes in the network should be as few as possible, thereby 
minimising the need for the lightpaths to enter Crossconnects 
(CCs) . This idea solves the problem by, and discloses a method 
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for, finding an optimal routing of the VPCs so that the amount 
of VP switching can be maximally reduced. In ATM networks is an 
end-to-end connection associated with a VCC (Virtual Channel 
Connection) . One or more VCCs are established on a VP Connection 
(VPC) which is built of one or more VP Links (VPL) along the 
path of the VCC. The VPL consists of one or more VPs 
concatenated. Hence, the VP is a "bundle" of VCCs along one 
phys ical 1 ink . 

Along a VPL the VPI/VCI is not changed. Therefore no electrical 
processing is needed along the VPL, which also is the objective 
with the invention. Since no electrical processing is needed 
along a VPL, the same wavelength can be assigned to all of its 
components, i.e VPs. In this case the VPCs using these VPLs will 
not have to enter in the Cross Connects (CCs) . They can be 
switched by passive optical switches. Since the limit on the 
processing capacity of CCs is dependent upon the internal bus 
speed, applaying an ATM network on top of an AON realise the use 
of much larger networks. The objective is to carry the cells by 
the virtual topology as far as possible in the optical domain. 
Packet forwarding from lightpath to lightpath is performed via 
electronic switching when required. 

When we design a backbone network, full logical connectivity 
must be assumed, which means that every node must be able to 
connect every other node in the network. In general, the design 
consists of three problems to be solved optimally: 1. Route the 
VPCs; 2. Cut them into VPLs ; 3. Dimension the VPLs. These 
problems are dependent of each other. When our model is applied, 
the third problem can be relaxed, instead we have a constraint: 
None of the VPL capacities should exceed the partition (channel) 
capacity. The invention proposes a two-phase method in order- to 
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accomplish optimality as often as possible, where the first 
phase involves finding one (or two for reliability purposes) 
node -and -vertex disjoint path(s) for each node-pair and 
assigning them capacities according to their traffic. The 
5 objective to be minimised when routing the VPCs is the total 
network cost. This calls for input parameters such as position 
of nodes, estimated traffic demands between nodes and the costs 
of building physical links between them when we design the 
network; or estimated traffic demands between the nodes and the 

10 physical topology with capacities given when we are rerouting 
the VPCs . The second part of the method involves a cutting of 
paths between node -pairs into sequences and merging these 
sequences into VPLs and assigning them a wavelength. The 
emphasis is laid on this second part. The objective to be 

15 minimised here is the total number of cuts of a VPC or in other 
words, minimising the number of VPLs along a VPC. It can 
mathematically be expressed as a constrained discrete 
optimisation problem, which can be solved by stochastic 
optimisation (e.g Simulated Annealing or Genetic Algorithm) . JThe 

2 0 novelty of the invention lies in the two step model as a whole 
and especially the second step with the objective of the 
optimisation and the constraints, i.e. the formulation of the 
problem and how to apply stochastic optimisation onto this 
problem, i.e how to match the model to the optimisation 

2 5 algorithm, to obtain an optimal network with a minimum of use of 

electric processing. 

The method gives the optimal virtual topology simultaneously 
with the wavelength assignment' Furthermore it does not increase 
the transfer delays in. the network because we join some of the 

3 0 streams if enough capacity is available instead of a rerouting 

of one of the streams, which is necessary in prior art as the 
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number of streams on a physical link are more than the number of 
available wavelengths . 

Brief Description of the Drawing 

5 Embodiments of the invention will be described in connection 
with a drawing on which: 

Fig. 1 shows an example of a six-node network with its 
physical and virtual topology, optimised according to the 
invention . 

10 Detailed Description of Embodiments 

To make the presentation of the idea and the preferred 
embodiment easier, an example of a network is depicted in fig 1. 
The drawing shows the optimal six-node 11-16 ATM network over an 
optical network 1 employing Wavelength Division Multiplexing, 

15 WDM, or Space Division Multiplexing, Space DM. The number of 
nodes and the physical distance is of course arbitrary and the 
method shown is not limited to a network with the physical 
topology of that in the drawing. The nodes of fig. 1 are 
interconnected by seven physical links .2-8 as seen in the 

20 figure.. In this- example we assume full logical connectivity and 
three different wavelengths a, b and c. With the given physical 
topology we obtain 15 VPCs : seven of length one 
(22;26;29;31;35;39;43; ) , six of length two (21 and 25; 24 and 
44; 27 and 28; 32 and 36; 30 and 34; 37 and 40; ) and two of 

25 length three (23 and 45 and 41; 33 and 38 and 42). Altogether we 
have ten "hops", i.e. the passing of a node on the way from the 
originating node to the destination node, where electrical 
processing (wavelength reassignment and reniultiplexing) could be 
needed if not the optimisation method according to the invention 
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as showed below had reduced the number of hops. The optimisation 
method proposed has reduced the number of hops processed by 
Cross Connects (CCs) in this example from 10 to 4 . These points 
50,6 0,70,80, where the streams are mixed and where we need 
5 electrical processing and buffering, are showed in figure 1. 

Given the position of the nodes, the traffic matrix, the 
physical links and their capacities, we start with the first 
step of the method which involves a routing of the Originator- 
Destination nodepairs or VPCs on top of the physical network 

10 based on any optimality criteria without any constraints related 
to the optical nature of the physical layer, e.g. shortest path, 
least loaded path or by the mult i -commodity flow routing 
algorithm. This step contains nothing new so it will not be 
explained any further except from mentioning that if not the 

15 physical links and their capacities are given initially, we can 
adopt any known optimality criteria to these parameters too. 
However, even if step one is not important standing alone, it is 
important in combination with the second step since it ensures 
that optimality is not deteriorated when applying step two. 

2 0 Before a thorough description of step two it is important to 

clear up and define the many abbreviations the ATM- technology 
gave birth to. 

-The routes are divided into basic building units, which we in 
this application abbreviate bbus, - each of length of one 
25 physical link, in other words, a physical link is a set of bbus. 
Hence, in figure 1, there are altogether 25 bbus numbered from 
21 to 45. The union of all physical links 2-8 and the nodes 11- 
16 is the network 1. A subset of one physical link is a VP 
<bbu"s of the same wavelength) e.g. 34, 3 5 and 37. Therefore a 

3 0 physical link is a union of VPs. VPs are disjunct sets. The VPs 
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cover all the bbus of a physical link. Serial grouping (union) 
of (one or more) VPs (of the same wavelength) is a VPL. Serial 
grouping of (one or more) VPLs is a VPC . An example will make 
this easier: The bottom right link 8 in the figure 1, contains 
five bbus 34-38, but three VPs only. The VPC of wavelength b 
between node 14 and 13 which passes link 8 consists of one 
single VPL which consists of three VPs 33 3 8 and 42, and 
another VP on link 8 is the VP of wavelength c, which consists 
of parallel bounding of three bbu's, 34, 35 and 37. The bbu 34 
is a part of a VPC between node 12 and 16 and is a VPL built up 
of only one VP. Since that VPC changes wavelength there is a 
need for electrical processing (Cross Connecting) in node 15. 
The Cross Connecting is visualized by reference numeral 70. For 
the node-pair 15 and 16 connected by the single bbu 35, the VP 
of wavelength c is a VPL and a VPC at the same time. The VPLs 
are the most important building blocks, since they are the 
parallel and serial grouping of bbus which do not need any 
processing. The VPCs only describe a sequence of VPLs used by a 
point-to-point stream. 

The second step is as said based on an arbitrary first step and 
cuts paths between node -pairs into sequences and merges the 
sequences into VPLs assigning them a wavelength. The problem 
rapidly grows with the number of nodes and the number of 
available wavelengths. Already in the example given in figure 1 
with six nodes and three available wavelengths and 25 bbus the 
state space consists of 3^25 different states. Hence, the 
problem is extremely complex for such a small example. According 
to the idea, the problem will be signif icantely reduced if the 
state space is tightened by starting with assigning one and the 
same wavelength to all logical links of length one between 
adjacent nodes. In figure 1 this is illustrated by bbu 



WO 98/09407 



9 



PCT/SE97/01354 



22 ; 26 ; 29 ; 31 ; 35 ; 39 ; 43 which all have been assigned wavelength c. 
This assignment does not deteriorate the generality of the model 
even though it simplifies it. The total complexity will be 3 A 7 
times lower: 3 ""18. The problem now starts to take form. To 
5 continue with step two in the model, a mathematical formulation 
of the problem to be solved by the method is needed. In this 
first way described below a non-deterministic global 
optimisation, like e.g Simulated Annealing with "Cooling 
Schedule" or Genetic Algorithm or Tabu Search, is used to obtain 
10 the Objective Function which is to minimise the total number of 
VPLs (minimise the number of hops for each VPC) . Below is shown 
according to the invention how the problem can be formulated to 
be solved by Simulated Annealing 

The Inputs are: The physical topology; One or more optimally 

15 chosen paths; The number of wavelengths supported by each fiber; 
Estimated busy-hour traffic demand of each node -pair; The 
transmission capacity of the fiber for each wavelength. The 
algorithm will give following Outputs: VPs, i.e the parallel 
boundling of bbus ; VPLs, i.e the serial boundling of VPs along a 

2 0 VPC and the wavelength assigned to every single VPL. There are a 
number of constraints which must not be violated: The number of 
wavelengths/links may not exceed the given value; Transmission 
capacity of each wavelength should not be exceeded; Maximal 
number of hops along a VPC can be limited. The algorithm 

2 5 searches its way to global optima by making "elementary 
movements" which in this case is to change the wavelength of an 
arbitrary bbu in the network. There can be multiple global 
optima. An elementary movement is here defined as changing the 
wavelength of an arbitrary bbu and check whether the VPs in 

30 adjacent links can be concatenated to a VPL or not. If they are 
of the same wavelength and if all bbus of that wavelength are 



WO 98/09407 




PCT/SE97/01354 



crossing both links then we concatenate these VPs into a VPL. 
After we evaluate the Objective Function: we count the total 
number of VPLs and if the constraints are violated we add a 
penalty term . While trying to minimise the Ob j ective Function , 
the states where penalty is added are accepted with lower and 
lower probabilities. This is because of the "cooling" in 
Simulated Annealing. In Simulated Annealing we are randomly 
doing elementary movements. If the Objective Function has better 
value than in the previous step, it is accepted with higher 
probability, if worse with lower probability. Accepting a state 
means that we will move in the next step of the algorithm to one 
of the neighbours (adjacent states in the multidimensional 
state-space) of that state. While doing cooling, all states are 
in the beginning accepted with almost the same probability; at 
the end the probability of acceptance is getting almost 
deterministic: better movement is accepted, worse is refused. 

When applying Simulated Annealing (with cooling schedule, ) tests 
have shown that we get result in about 10^4 steps. This result 
is a global optimum with probability about 0,8. If we repeat the 
whole procedure 10 times the probability of finding global 
optimum will be 1 - (10 A -7) . 

In another embodiment of the invention's step one and two, the 
- optimisation procedure would work just as well if we instead of 
having multiple wavelengths, had multiple fibres (i.e Space 
Division Multiplexing instead of WDM) . This would imply a use of 
cables containing more fibres and a use of the same wavelength 
in the whole network. In the. example depicted in figure 1 this 
would mean that each physical link 2-8, would contain three 
fibres. The whole example would be exactly equivalent as the 
abovedescribed, with the difference that the three wavelengths 
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a, b and c instead would denote three different fibres, each 
using the same wavelength. A VP would then be defined as one 
fibre in a physical link. Between fibres of different physical 
links, optical switching can easily be performed. One natural 
cause is then that if we form a VPL from multiple VPs (fibres), 
no traffic stream can enter or exit at nodes between these VPs . 
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Claims 

1. Method for forming the virtual topology of an ATM- layer where 
the ATM- layer is carried over an optical Wavelength Division 
Multiplexing (WDM) network (1) as the physical layer, initially 

5 at least given: the position of the nodes (11-16); the traffic 
matrix; and the number of wavelengths (a,b,c) supported by each 
physical link (2-8), characterized in that firstly, 
the end-to-end traffic streams are routed on top of the physical 
network by any known method in an optimal way, e. g Shortest 

10 Path, Least Loaded Path or Multicommodity Flow Model, and that 
secondly, grouping the basic building units (bbus) (21-45) 
serially and parallelly by applying a non-deterministic 
algorithm, e.g Simulated Annealing, with the objective function 
of minimizing the total number of VPLs, given constraints 

15 limiting the performance, as inputs. 

2. Method according to claim 1, character! ze d in 
that the grouping of the basic building units (bbus) (21-45) is 
done by changing the wavelength <a,b or c) of an arbitrary bbu; 

2 0 checking whether the VPs in adjacent links can be concatenated 

to a VPL or not; concatenate said VPs into a VPL if said VPs are 
of the same said wavelength (a,b or c) and if all bbus of said 
wavelength belong to traffic streams which crosses all these VPs 
of said VPL; evaluating the objective function by counting the 
25 number of VPLs ; add a penalty term to the Objective Function in 
that state if at least one of the constraints are violated and 
then accepting said state with decreasing probability. 

3 Method according to claim 2, characterized in that 

3 0 the steps of claim 2 are repeated a predefined number of times 

or until no more improvement according to the objective function 
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is reached, choosing the obtained state-space as the virtual 
topology for the network. 

4. Method according to any of claims 1-3, character - 
5 i z e d in that the state-space is tightened by assigning ail 
basic building units (bbus) , which carry the traffic of adjacent 
nodepairs (22 ; 26 ; 29 ; 31 ; 35 ; 39 ; 43 ) , the same wavelength before 
applying the non-deterministic algorithm. 

10 5. Method for forming the virtual topology of an ATM-layer where 
the ATM- layer is carried over an optical Space Division 
Multiplexing network (1) as the physical layer, initially at 
least given: the position of nodes (11-16) ; the traffic matrix; 
and the number of different fibres (a,b,c) in each physical 

15 link, wherein each fibre employ the same wavelength, c h a r - 
acterizedin that firstly, the end- to- end traffic 
streams are routed on top of the physical network by any known 
method in an optimal way, e.g Shortest Path, Least Loaded Path 
or Multicommodity Flow Model, and that secondly, grouping the 

20 basic building units (bbus) (21-45) serially and parallelly by 
applaying a non-deterministic algorithm, e.g Simulated 
Annealing, with the objective function of minimizing the total 
number of necessary changes of fibres, given constraints 
limiting the performance, as inputs. 

25 

6. Method according to claim 5, chara cterized in 
that .the grouping of the basic building units (bbus) (21-45) is 
done by changing the fibre (a,b or c) reserved for an arbitrary 
bbu; checking whether the VPs in adjacent links can be 
3 0 concatenated to a VPL or not; concatenate said VPs into a VPL if 
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all bbus of said fibre (VP) belong to traffic streams which 
crosses all the fibres (VPs) of said VPL; evaluating the 
objective function by counting the number of VPLs ; add a penalty 
term to the Objective Function in that state if at least one of 
5 the constraints are violated; accepting said state with 
decreasing probability. 

7. Method according to claim 6, characterized in 
that the steps of claim 6 are repeated a predefined number of 
times or until no more improvement according to the Objective 

10 Function is reached, choosing the obtained state-space as the 
virtual topology for the network. 

8. Method according to any of claim 5-7, character- 
ize d in that the state -space is tightened by assigning all 
basic building units (bbus) which carry the traffic of adjacent 

15 nodes a reserved fibre (22 ; 26 ; 29 ; 31 ; 3 5 ; 3 9 ; 43 ) before applying 
the non-deterministic algorithm. 



1 

INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 97/01354 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04L 12/56 , . r 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04L 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4736363 A (RAYMOND AUBIN ET AL), 5 April 1988 
(05.04.88), abstract 



1-8 



| [ Further documents are listed in the continuation of Box C. | xl See P atent family annex. 



* Special categories of cited documents: 

'A* document defining the general state of the art which is not considered 

to be of particular relevance 
"E* eriier document but published on or after the international filing date 

*L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



~T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

* Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

document member of the same patent family 



Date of the actual completion of the international search 
12 December 1997 


Date of mailing of the international search report 

1 6 -12- 1997 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 


Authorized officer 

MIKAEL S0LLERHED 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



internationI^search report 

Information on patent family members 



InvHiational application No. 

PCT/SE 97/01354 



Patera document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 


US 4736363 A 


05/04/88 


CA 1245327 A 


22/11/88 



Form PCT/ISA/210 (patent family annex) (July 1992) 



